Introduction
Negative symptoms of schizophrenia-including blunt affect, avolition, lethargy, and social withdrawal -often lead to deteriorating cognitive functioning, reduced quality of life and heavy family burden. [1] These negative symptoms are also major causes of disability that severely impair patients' interpersonal relationships and social functioning. Traditional antipsychotic medications have limited efficacy in treating these chronic, often refractory, symptoms. [1] At the time of the advent of atypical antipsychotic medications there was renewed hope that these negative symptoms -that had proven resistant to traditional antipsychotic medicationswould be effectively controlled, but time has shown that these hopes were unfounded. [2] Renewed effort is needed to identify effective strategies for ameliorating the negative symptoms of schizophrenia and, thus, improving the quality of life of individuals afflicted with this often life-long condition.
Repetitive transcranial magnetic stimulation (rTMS) is a neuro-electrophysiological technique developed from transcranial magnetic stimulation (TMS). It applies repetitive TMS to certain brain cortices to improve regional blood flow and, thus, brain metabolism. In targeted brain regions, rTMS influences the activity of various receptors and neurotransmitters (e.g., 5-HT); it can even induce changes in the expression of the genes that regulate neuronal activities. [3] This is the presumed underlying mechanism that leads to the reported positive effects of rTMS in the treatment of neuropsychological disorders. [4] rTMS is a noninvasive method which is safe and easy to administer so it is widely used in the research and treatment of schizophrenia, Parkinson's disease, epilepsy, and depression. [4] Neuroimaging studies suggest that the severity of negative symptoms in schizophrenia is inversely associated with the degree of activation of the left prefrontal cortex and other studies report that high frequency stimulation (>1 Hz) can increase cortical neuronal activities while low frequency stimulation (≤1 Hz) can reduce these activities. Based on these findings, the target region for administering rTMS to reduce negative symptoms is usually the left dorsolateral prefrontal cortex (DLPFC) and the most commonly used method of stimulation is high frequency stimulation (i.e., 10 Hz -20 Hz). However, the results of studies using this method to treat the negative symptoms of schizophrenia have been inconsistent; some [5, 6] report good treatment effects while others [7, 8] find no effect. These inconsistencies may be due to the different stimulation modes for rTMS used in the different studies. [9] These routine stimulation protocols have limited influence on synaptic plasticity, their clinical effect is short-lived and the results can vary greatly between different individuals. [7, 10] To improve the effectiveness of rTMS in the treatment of schizophrenia and other conditions, new stimulation protocols are being developed and tested; one of the most promising new modes of rTMS is theta burst stimulation (TBS). The current study aims to examine the effectiveness of different rTMS stimulation protocols in the treatment of the negative symptoms of schizophrenia.
Methods

Participants
The recruitment and research procedures are shown in The inclusion criteria were as follows: (a) meets the diagnostic criteria of schizophrenia specified in DSM-IV [11] ; (b) 20-55 years of age; (c) a score of ≥20 on the negative subscale of the Positive and Negative Syndrome Scale (PANSS) [12] with at least one of the seven negative symptom items scoring ≥4 points (moderately severe or greater); (d) has had negative symptoms for at least six weeks; (e) a score of <24 on the positive subscale of PANSS; (f) stable psychotic symptoms (i.e., a fluctuation <10% in the total score of the PANSS negative subscale over the past two weeks); (g) has never been treated with modified electroconvulsive therapy; (h) has normal results in routine physiological examinations and laboratory examinations including ECG and EEG.
The exclusion criteria were: (a) wearing a pacemaker, cochlear implant or any other metal implant in the brain area near the rTMS stimulation site; (b) mental disorders induced by psychoactive substance; (c) a history of epilepsy, severe physiological illnesses, organic brain diseases or substance abuse; (d) current pregnancy; (e) being impulsive, violent, suicidal, or incapable of effective communication (as determined by a clinical interview).
A total of 96 patients participated in the study; 54 were males and 42 were females. The mean (sd) age was 47.2 (10.2), and the mean years of education was 12.5 (1.2) years. Patients were randomly assigned (using a random number table) to four treatment groups (24 participants in each group): 10 Hz, 20 Hz, TBS, and mock rTMS. As shown in Table 1 , there were no significant differences across the four groups in terms of age, level of education, or gender ratio. Most patients used risperidone, quetiapine or olanzapine. The types and dosages of medications in the four groups were similar and did not change throughout the four weeks of rTMS trial.
This study was approved by the institutional review board of Guangzhou Brain Hospital. All the patients or their family members provided signed informed consent.
Types of treatment
The MagPro R100 rTMS machine (with an MF-125 round electromagnet) manufactured by the Danish company Dantec was used in this study. The stimulation site was the left DLPFC. The rTMS treatment was given five times per week for four weeks, resulting in a total of 20 sessions. The detailed setting and procedures of each group are described as follows. (a) For the 10 Hz group, the butterfly (figure-eight) coil was used. The motor threshold (MT) was determined first by stimulating the scalp once to induce movement of the right lateral interosseous muscle. When at least five movements (with amplitude greater than 0.05 mV in the motorevoked potential recorded by the EMG) were induced out of ten stimulations, the output intensity of the rTMS was considered the MT. Thirty trains of 5-second and 10 Hz stimulations were performed, with 30-second breaks after each train. There were 1,500 stimulations in total which lasted for about 20 minutes. The initial intensity was 80% of the MT, and then it was gradually increased to 110% of the MT. (b) For the 20 Hz group, the settings were the same as the 10 Hz group except that the stimulation frequency was 20 Hz. (c) For the TBS group, the MF-125 round coil was used. The magnetic stimuli were applied over the same area as in the 10 Hz and 20 Hz groups. The basic train had a frequency of 5 Hz, and the stimulation was given every 200 ms. Three single pulses (50 Hz) were embedded within each 5 Hz pulse. The stimulation intensity was 80% of the MT, and each session had a total of 2,400 pulses which lasted for about 20 minutes. (d) For the mock rTMS group, the electromagnet was turned horizontally to form a 180° angle with the scalp. Other settings were the same with that of the 10 Hz group. Because the magnetic field induced by the stimulator sharply decreases as the distance increases, the magnetic field did not penetrate the skulls of the participants in the mock rTMS group.
Assessments
In this study, the Positive and Negative Syndrome Scale (PANSS) [13] (Cronbach's alpha=0.74-0.90), the Scale for the Assessment of Negative Symptoms (SANS), [14] and the Treatment Emergent Symptom Scale (TESS) [14] were used to assess treatment and adverse effects. The percent reduction of the negative scale score in PANSS and the total score of SANS were used to assess the treatment effect. Based on the percentage reductions in each of these scores, participants were grouped into the following four categories: clinically remitted (≥75% reduction), effectively treated (50-74% reduction), improved (25-49% reduction) and not improved (<25% reduction). To reduce bias and to enhance consistency, each patient was simultaneously assessed by two trained attending psychiatrists (who were blind to the patient group assignment) the day before the treatment started and the last day of the treatment. Their interrater reliability was good (Kappa=0.75-0.88). The mean value of the two evaluators scores was used in the analysis. [15] The significance level was set at 0.05.
Results
During the study, one participant from the 20 Hz group dropped out due to severe headaches and two dropped out from the mock rTMS group -one due to moving away and one due to reported severe headaches. The remaining 93 participants completed the full course of the study. Table 2 , before treatment, there were no cross-group differences in PANSS and SANS scores. After the four-week rTMS treatment, there were significant differences across groups and across time (F=8.96, p<0.001). Post-hoc comparisons found a significantly larger reduction in PANSS and SANS scores in all three treatment groups compared to the mock rTMS group. Moreover, the reduction was larger in the TBS group than that of the 10 Hz and 20 Hz groups. No significant differences in PANSS and SANS scores were found between the 10 Hz and the 20 Hz group.
Comparison of PANSS and SANS overall scores across groups As shown in
Comparison of PANSS subscales scores before and
after treatment As shown in Table 3 , there were no cross-group differences in PANSS subscale scores before treatment. After four weeks of rTMS treatment, repeated measures analysis of variance revealed significant differences across groups and time (F=4.29, p<0.001) . Post-hoc comparisons found larger reductions in the PANSS negative subscale score and the general psychopathology subscale score in all three treatment groups compared to the mock rTMS group, in which no reduction was found after four weeks. Moreover, the decrease in the PANSS negative subscale score was greater in the TBS and 20 Hz groups compared to the 10 Hz group. No pre-versus post-treatment differences or cross-group differences were found for the positive subscale scores.
Cross-group comparisons of treatment efficacy
Based on the reduction in PANSS negative subscale scores, 3 patients in the 10 Hz group were 'effectively treated' (50-74% reduction), 5 were 'improved' (25-49% reduction), and 16 showed no improvement (<25% reduction). In the 20 Hz group 4 were 'effectively treated', 5 were 'improved' and 14 showed no improvement. In the TBS group 7 were 'effectively treated', 7 were 'improved' and 10 showed no improvement. In the mock rTMS mock rTMS group no patients were 'effectively treated', 1 was 'improved' and 21 showed no improvement. Thus the proportions of patients in whom the treatment for negative symptoms was beneficial were 33.3%, 39.1%, 58.3%, and 4.5% for the 10 Hz, 20 Hz, TBS, and mock rTMS groups, ) found that the proportions in the TBS group and Hz 20 group were significantly greater than the proportion in the mock rTMS group but none of the other pairwise comparisons were statistically significant. Based on the SANS total scores, the numbers of patients who were effectively treated, improved, and showed no improvement were 2, 5, and 17 in the 10 Hz group; 4, 4, and 15 in the 20 Hz group; 6, 7, and 11 in the TBS group; and 0, 2, and 20 in the mock rTMS group. The overall proportions of patients for whom the treatment was considered helpful were 29.2% (10Hz group), 34.8% (20 Hz group), 54.2% (TBS group), and 9.1% (mock rTMS group). These proportions are significantly different ( χ 2 =10.85, df=3, p=0.013); multicomparison testing found that the proportion who benefitted in the TBS group were significantly greater than the proportion in the mock rTMS group but none of the other pairwise comparisons were statistically significant.
Comparison of adverse reactions
During the rTMS treatment, two patients dropped out due to severe headache (one from the 20 Hz group and one from the mock rTMS group). Among the remaining 93 patients, five experienced insomnia (one from the 10 Hz group, two from the 20 Hz group, and two from the TBS group). After symptomatic treatment they were all able to complete the four-week rTMS treatment. No patients experienced epilepsy or epilepsy-like symptoms during the treatment. The mean (sd) TESS scores after four weeks of treatment for the 10 Hz, 20 Hz, TBS, and mock rTMS groups were 3.08 (0.93), 3.25 (0.55), 2.99 (0.70), and 2.88 (0.75), respectively. There was no significant difference across groups (F=2.93, p=0.475).
Discussion
Main findings
This double-blind randomized mock rTMS-controlled trial demonstrated that rTMS is an effective treatment method for the negative symptoms of schizophrenia in patients who have prominent negative symptoms. Using two different scales for assessing negative symptoms, all three active rTMS stimulations methods were more effective in reducing negative symptoms over a 4-week trial than mock rTMS and the theta burst stimulation method of rTMS proved more effective than the more routinely used high-frequency 10 Hz and 20 Hz stimulation methods. These dramatic improvements in negative symptoms occurred while the antipsychotic regimen remained constant and during which there was no appreciable change in the level of the positive symptoms of schizophrenia. The results were basically the same when analyzing the PANSS negative symptom subscale scores and SANS scores as continuous measures or when categorizing the percent change in the scores over the four weeks of treatment into three ranked levels of treatment effectiveness.
Overall, rTMS treatment was found to be a safe treatment method. Only one of the 72 participants in the three active rTMS groups had to discontinue treatment due to severe headaches. No seizures or other severe adverse effects were observed during the 4 weeks of treatment in these patients. 
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A previous study in China that assessed the treatment effect of rTMS using the TBS protocol on the negative symptoms of schizophrenia by Zhang and colleagues [9] also reported that TBS improved negative symptoms and did not change positive symptoms, but the study was small (n=15) and, unlike our study, did not include a comparison group of high-frequency rTMS. A different study by Zheng and colleagues [16] that was limited to male patients also found that TBS improved the negative symptoms of schizophrenia but, unlike our study, they reported that rTMS using the Hz 20 protocol did not improve negative symptoms. This difference from our study may have occurred because they only treated patients for 1 week (versus 4 weeks in our study) and, unlike our study, they enrolled un-selected patients with schizophrenia who did not necessarily have prominent negative symptoms.
Limitations
The current study has a relatively small sample size, which precluded stratified analysis by gender and age group. The current study only investigated one stimulation site, the DLPFC; the effectiveness of administering rTMS at other locations remains to be investigated. We only assessed the treatment outcome at the end of the rTMS treatment sessions, followup studies are needed to determine how long the treatment effect persists after termination of the rTMS intervention and, perhaps more importantly, to assess whether or not the persistence of the effect varies by the type of stimulation method employed.
Implications
Negative symptoms of schizophrenia are often resistant to pharmacological treatments. They are, nevertheless, frequently the main cause for the severe social disability experienced by individuals with schizophrenia. The evolution of a novel intervention that can effectively treat these symptoms, even if it is only effective for a small proportion of patients with schizophrenia, will be an important addition to the tools mental health professionals can employ to treat this profoundly disabling condition.
Our study confirms that rTMS holds promise as a treatment method for the negative symptoms of schizophrenia. We found that all methods of administering rTMS can substantially improve negative symptoms over a 4-week period. But many questions remain about the mechanism of action of rTMS and about the duration and stability of the clinical effect of this treatment. We also found that TBS -a new mode of rTMS that uses repeated bursts of theta waves -is more effective than traditional modes of rTMS which use high-frequency stimulation. This finding is in line with recent research [6, 7] that reports that by using shorter stimulation time and lower stimulation frequency TBS mode can more safely activate the brain cortex and enhance memory. These results highlight the fact that we are still at the start of the journey of understanding how rTMS works and, more importantly, of how we can get rTMS to work best. Longitudinal studies with large samples of patients will be needed to assess and compare different modes of rTMS used for different durations and repeated at different intervals to determine how to achieve the maximum therapeutic effect at the lowest risk to the patient and at the lowest cost to the community.
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